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Atstract of thesis presented to the Senate of Universiti 
Pertanian Mllaysia in pirtial fulfilnent of the :requirements 
far the � of Doctor of PhilOSOJ:iIy. 
By 
Supervisor Prof . George Varghese, Ph.D.  
Co-supervisor: Kamaruzaman Sijam, Ph.D. 
Faculty Agriculture 
Bacterial wilt, caused by Psetrlaronas solanacearum (Smith, 
1 896 ) Smith 1 91 4 , is an important disease of many crop plants . 
'!be lack of a truly effective nethod of cx:ntrol for the 
disease, especially in the tropics, has been attributed to the 
IIBIly strains of the £Bthogen and the lack of infonnation en the 
ecology am the variation in the pathogen population. The 
present study was therefore CDnducted to elucidate sc:ma aspects 
of the ecology am variation of the pathogen in Malaysia 
which wculd be useful in understarrling the £Bthogen for the 
formulation of rrore effective control measures . 
xvi 
A study of the distrfrntien of 1:acterial wilt caused by P. 
solanacearun in Milaysia showed that the disease w:iS 
widespread. It w:iS d:>served in all areas ( the  Northern, Central 
am Southern parts of Peninsular Malaysia, and Fast Malaysia) 
sampled. '!he disease occw:red en nany crop plants, weeds and 
ornanentals. A total of 243 isolates of the pathogen was 
d:>tained fxan 25 different plant species telonging to 9 
families. '1lle pathogenicity of all isolates was confirmed en 
its respective mst and/or taIato. 'Ihe study indicated the 
need for strict quarantine measures to be taken to exclude the 
introduction of exotic strains into the country and the need to 
reconfirm the status of sore of the koown host of the pathogen. 
'!he enviramental conditicns in Milaysia were oonducive 
for the growth of the pathogen and the developrent of the 
disease, being d:>served throughout the year regardless of dry 
or wet weather conditions. The disease also occurred in many 
types of mineral (clayey, loamy and sarrly) and organic (peat 
am muck) soils. '1lle type of hosts and its varietal 
sus:eptibility also played imp:>rtant roles in determining the 
occurrence of the disease in nature. 
Cultural dlaracteristics of isolates of P.  rolanacearum en 
a tetJ::azolium madium and a madium containing O .  1 % L-tyrosine 
showed that isolates differed in ooleny size, fluidity and 
xvii 
producticn of fonnazan and nelanin. :EJc::lwever ,  these could oot be 
used to differentiate strains within race 1 .  
Greenhouse pithogenicity sttrlies reveciled the presence of 
patbJvars of race 1 which differed in their pat.OOgenicity to 
ginger, gmundnut and tobacoo. '1tJnato and Irish IDtato were 
the universal hosts of all Malaysian isolates rut all isolates 
were oon-pithogenic to Helicania sp. Biovar deteI:mination sttrly 
indicated that isolates were movar 2, 3 ,  and 4 .  '!he mjority 
of the isolates were biovar 3 followed by biovar 4 and 2 .  
DeteI:minaticn of race 1::ased Q1. l'Dst range, origin and movar 
showed that isolates were in race 1 and 3 .  Race 1 was the 
predaninant race and T£S widespread, while race 3 T£S confined 
to the highlaIXls. 
Attanpts were mde at isolating virulent and temperate 
bacteriophages of P. solanacearurn. Only one virulent 
bacteriophage was obtained fran diseased brinj al (Solanum 
nelagena L . ) plants and their rhizosphere soils . However, 
temperate tacteriophages were cbtained fran lysogenic strains 
of the pa�en. Forty-three percent of the P. solanacearurn 
isolates were lyscqenic and fran these 1 4  temperate mcterio­
Iilages were isolated. Reacticn of 68 P .  solanacearun isolates 
to all the phages showed that IlCt'le of the phages were specific 
to race or movar. HeMever, 13 lysotypes were distingushed and 
all isolates could be typ:rl. 
xviii 
'Ihlrty-eight F&"cent of the isolates tested for 
lBcteriocin producticn \Ere l:a.cteriocinogenic. studies of the 
ooncentraticn of lBcteriocin pt:Oduced am. the sensitivity of P. 
solanacearum isolates to the bacteriocin, slx7wed that a few 
avirulent l:acteriocinogenic strains produced relatively high 
ooncentraticns of lBcteriocin am. were able to inhibit the 
growth of a large number of the virulent P. solanacearun 
isolates tested. This bacteriocin am. its avirulent producer 
could therefore be useful in the developnent of biological 
oontrol neasures for the patlrqen. However, a few isolates 
were IDt inhibited l¥ any of the l:a.cteriocin produced by 
the 30 avirulent lBcteriocin03enic strains tested. 
A study en the p:>pulation of the virulent strain (race 1, 
biovar 3 )  in sterilized am. ncn-sterilized soil showed that 
the pithogen was rot capable of long teJ:m survival in the soil. 
Pop.llaticn density trerrls of the virulent strain in the 
presence of the avirulent l:a.cteriocinogenic strain at ratios of 
1 : 0 ,  1 :  1 ,  1 :  1 0 and 1 :  1 00 showed similar trerrls. This irrlicated 
that the avirulent strain was rot effective in controlling the 
populaticn of the virulent strain in the soil at the ratios 
tested or that the rrethod of soil application was IDt 
effective. 
Greenhouse study en the tDp.llaticn dynamics of the 
virulent strain (race 1, biovar 3 )  of P. solanacea.rum showed 
xix 
that the lBcterial };Opulaticn in the soil decreased 
significantly after planting with a mn-oost crop. 'Ibis 
irrlicates that the nal-host crops viz. Ipc::m:?E!a aguatic::a Forsk. , 
Brassic::a � L. arxl Raphanus satiws L. var . hortensis Baker 
could be used in crop rotaticn programs .  
AJ:strak tesis yang dikanukakan kep:ida Senat Universiti 
Pertanian Milaysia setBgai nemenuhi selBhagian daripada syarat 
untuk ijazah rbktar Falsafah. 
oleh 
Penyelia : Profesor George Varghese, Ph.D. 
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Penyakit layu l:akteria yang diseba1::kan oleh Psetrlaronas 
solanacearun (Smith, 1896) Smith 1914, adalah satu penyakit 
yang penting tagi tanyak tanam-tanarran. Kekurangan cara 
kawalan yang benar-benar berkesan untuk mangawal penyakit ini 
telah disel:abkan oleh adanya tanyak strain-strain tagi p:itogen 
ini dan kekurangan peD3'etahuan rreIXJenai ekologi dan variasi di 
dalam p:>pulasi pitogen ini . P3ri itu kajian ini telah 
dijalankan untuk mamberi penjelasan rren;renai reberap:i aspek 
ekologi dan variasi p:itogen ini di Milaysia untuk rremahami 
patcqen ini sUp:iya dapat perunusan cara kawalan yang lebih 
rerkesan. 
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Kaj ian taburan pmyakit layu b:lkteria yang diseba1::*an oleh 
Psemcm:>nas solanacearun di M:ilaysia, nenunjukkan p:m.yakit ini 
berlaku dengan berluasan. Penyakit ini dij tm1pai di semJa 
kawasan (di utara, pertengahan dan selatan senenanj tmg Malaysia 
dan Milaysia timur) yang dikaj i. Penyakit ini juga teraapat 
pida l:arlfcik J;X>kok tananan, rumput-rumpai dan J;X>kok perhaisan. 
Sej umlah 243 asingan pitogen ini telah diperolehi daripada 25 
spesies tl.mIblh-ttmlbJhan daripida 9 famili. Patogenisiti bagi 
semJa asingan dipastikan kep:lda p:mmili asalnya dan/ atau 
tanato. 
Keadaan alam sekitar di Milaysia adalah sesuai 
pertumblhan patogen ini dan pengemtangan pmyakit 
untuk 
layu 
J:akt:eria. Penyakit ini l:erlaku sepmjang tahtm dengan tidak 
rrengira sana ada nusim panas atau hujan. Penyakit ini juga 
berlaku r:ada hmyak jenis tanah , daripada jenis bertanah liat 
kepida jenis berpasir dan tanah organik. Jenis perurnah dan 
kepekaan varietinya juga nemainkan �anan yang pmting di 
dalarn nenentukan kej adian penyakit ini .  
Ciri-ciri kultura asingan-asingan P. solanacearum di atas 
media tetrazolium dan media yang rrengandtmgi O. 1 % L-tyrosine 
telah nenunjukkan tBhawa. asingan-asingan berbeza dari segi 
ukuran garis plsat dan kecairan koloni ; dan pengeluaran 
fcmnazan dan nelanin. W:ilau tagaimanaptm variasi yang terdapat 
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tidak 1:o1eh digunakan lUltuk naml:w.t �bezaan antara strain­
strain di dalam ras 1 .  
Kaj ian pitogenisiti di runahkaca rrenunj ukkan adanya 
patovar-patovar ras 1 yang berbeza dari segi patogenisitinya 
terhadap halia, kacang tanah dan tembakau. 'Itlnato dan kentang 
adalah penmah mm:m tagi SEmla asingan-asingan dari Malaysia, 
tetapi semua asingan-asingan tidak pitogenik kepida Helioonia 
sp. Kaj ian penentuan biovar rrenlUlj ukkan bahawa. asingan-asingan 
adalah biovar 2, 3 ,  dan 4 .  Biovar 3 adalah biovar yang 
terba.rlfcik di Malaysia, diikuti oleh biovar 4 dan 2 .  Penentuan 
ras berdasarkan k.eI:ada bidang� ,  asal dan biovar 
rrenlUlj ukkan bahawa. asingan-asingan adalah ras 1 dan 3 .  Ras 1 
adalah ras yang tertanyak dan luas seb:l.rarmya. Ras 3 plla 
terhad sel:arannya kepida kawasan �gunungan. 
Beberapa �cubaan telah dibuat lUltuk nengasingkan virulen 
dan temperat takteriofaj tagi P.  solanacearum. Hanya satu 
takteriofaj virulen telah diasingkan daripida p:>kok-p:>kok 
terong ( Solanum rrelongena ) yang berpenyakit dan tanah-tanah 
rizcsferanya. \'alaupun danikian temperat takteriofaj telah 
diasingkan daripida strain-strain lisogenik patogen itu. Empat 
p.lhlh tiga �atus daripada asingan P.  solanaceanm adalah 
lisogenik dan daripidanya 1 4  takteriofaj temperat telah 
diasingkan. Tindakbalas 68 asingan P. solanacearun kepida 
senua faj rrenlUlj ukkan bahawa tiada faj yang terhad kepada 
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sesuatu ras atau biovar. Wilau tagaimanapun , 1 3  lisotip­
lisotip telah dibezakan dan semua asingan to1eh ditipkan. 
Tiga tW-uh lapm peratus daripida asingan-asingan yang 
diuj i untuk };algeluaran l:Bkteriosin didapati l:akterisinogenik. 
satu kaj ian kep3katan takteriosin yang dipero1ehi nenunjukkan 
lBhawa ada. sebilangan k.eci1 strain-strain avirulen yang 
takteriosincgenik berup:lya rneD3e1uarkan takteriosin yang agak 
pekat kalau dibandingkan dengan yang lain-lain. strain-strain 
itu juga bo1eh nenghalangi pertumbJhan sebilangan besar 
asingan-asingan P.  solanacearun yang virulen. rari itu, 
l:akteriosin dan {Elgeluarnya yang avirulen mmgkin terguna di 
dalam langkah-langkah kawalan bi010gi l:agi p:ltogen ini . Walau 
l:agaimanapun , ada. sebilangan k.eci1 asingan-asingan yang 
kehidupannya tidak terhalang 01eh kesanua l:akteriosin yang 
dikeluarkan 01eh 30 strain l:akteriosioogenik yang diuji. 
Kaj ian populasi strain virulen ( ras  1 ,  biotip 3 )  di dalam 
tanah steri1 dan tidak steri1 nenunjukkan �togen ini tidak 
bo1eh hidup lama di dalarn tanah. Trend ketumpatan populasi 
l:agi strain virulen, dengan strain avirulen yang 
takteriosinogenik pida nisbah 1 : 0, 1 : 1 ,  1 : 1 0  dan 1 : 1 00 
rrernmjukkan trerrl yang serupa . Ini rrenunjukkan tahawa strain 
avirulen tidak terkesan di dalarn pengawalan potW-asi virulen 
didalam tanah �da nisbah yang diuj i atau kaedah penggunaannya 
tidak berkesan. 
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